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Photon equation of motion with application to



the electron’s anomalous magnetic moment
Burke Ritchie
Lawrence Livermore National Laboratory
Livermore, California 94550
The photon equation of motion previously

applied to the Lamb shift is here applied to the
anomalous magnetic moment of the electron.
Exact agreement is obtained with the QED
result of Schwinger. The photon theory treats
the radiative correction to the photon in the
presence of the electron rather than its inverse
as in standard QED. The result is found to be
first-order in the photon-electron interaction
rather than second-order as in standard QED,
introducing an ease of calculation hitherto

unavailable.



In a previous paper [1] a photon equation of

motion was proposed,
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where s is the Pauli vector and H is a magnetic field.
The equation has the Helmholtz form and was used in
[1] to infer the Lamb shift for the hydrogen atom. In
the present paper we use the equation to calculate the
leading anomalous contribution pbg to the electron’s
magnetic moment,

Dg:g-2:2a—p ’ (2)

which was first calculated by Schwinger [2-3] using

QED, where a _< is the fine structure constant. This

he

correction to the magnetic moment is related to the

divergent electromagnetic contribution to the mass of

a free electron, which is also of order a due to cutting

off the integral over photon frequency at w,, :’”Tcz [4]
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such that the product of wmnax and the density of photon
states is of order ¢’ or a.

In the present work the anomalous contribution is
calculated to first order in H from the quantum average
of the interaction Hamiltonian,

H=- %h i, (3)
where 4 is a reaction field operator whose source is a
current operator given by the product of the electron’s
velocity and a total density of states for the electron
and photon in the presence of the magnetic field. This
ansatz arises from the lesson learned in [1] that the
electron and photon share the properties of a single
object. The divergences of QED appear to arise from
the concept that the electron is a mechanical or matter
object interacting with separate light quanta whose
frequency spectrum is unrelated to the properties of
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the electron.



The third term on the left side of Eq. (1) is zero.
The fifth term is zero for the photon in the presence of
a uniform magnetic field. The exact solution of Eq. (1)

for the remaining terms is,

eH

y =efen (4)
for a uniform magnetic field in along z, where k = w/c.
We define a current operator as the Fourier integral of
the electron’s velocity times the probability |y, ? of
finding the photon at |z|,
el .

[ e ho I
J= gy Ok ()

Setting |y, F equal to unity, the current operator is

normalized so that its volume integral is zero,
< rr Lrrr
Oy = Outkki) =0 (6)
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as appropriate for an electron at rest. We are justified

in dropping H-dependent terms in the normalization of



the current and in the operations which follow below
except that of the cross product in H’ [Eq. (3)], which
contributes to first order in H, the order in which the
magnetic moment of the electron is measured. Notice
that the current vanishes when the photon is found at
large longitudinal distances from the electron. Thus
the magnetic-moment anomaly is a photonic effect but
according to the present theory not in the sense of the
emission and absorption of virtual photons.

Knowing the current from Eq. (5) the reaction field
in Eq. (3) is calculated by solving Maxwell’s equation.
Then the quantum average of the interaction
Hamiltonian H’ is calculated from the Fourier transform
of H’, a result made possible by having expressed the

current in terms of its Fourier representation in Eq. (5).

Finally the anomalous contribution to the magnetic



moment is found from the sum of this result over
physically accessible states of the electron.

The transverse components of the reaction field,
which are the only components to contribute to first

order in H, are,
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The k-space integral can be evaluated exactly,
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Notice that the cross product on the right side of
Eq. (3) contributes terms to first order in H arising
from the z-derivative of the |y,  term on the right side

of Eq. (7). The Fourier transform of the reaction field
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where again we have kept only terms first order in H.

The scalar product of Eq. (9) with Pauli’s vector is

written,
0 =& i, 0 ™
r _ 8peheH k
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The eigenvalues of the matrix in Eq. (10) are e=+1; thus
the diagonal interaction is independent of the azimuthal
angle fx. The anomalous contribution to the magnetic
moment is given directly by the upper-sign diagonal

of £ <7 summed over states of the electron and

divided by H,




where a=< is the fine structure constant. Notice

he

that the integral over the radial electron wave

number is cut off at % analogously to cutting off

L] L] L] 2
the photon frequency in mass renormalization at %

The physical inference is that the radial electron
momentum and photon momentum are equivalent or

ht, =hw/c=me. Notice finally that pg is differential and

isotropic in the azimuthal angle f .

In conclusion we have used the photonic theory
presented in [1] to calculate the leading anomalous
contribution to the electron’s magnetic moment. As in
[1] the calculation requires that we know the electronic

current and the equation of motion of the photon in

the presence of the electron. These requirements lead

to a Lamb shift and anomalous magnetic moment



which are calculated to first order in the electron-

photon interaction rather than to second order as in

QED, thereby introducing an ease of calculation

hitherto unavailable.
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